Abstract. A unified model independent approach, based on irreducible tensor techniques, is presented to express the reaction amplitudes for photo and electroproduction of pseudo-scalar, vector and tensor mesons. Explicit partial wave multipole expansions for the irreducible tensor amplitudes are also given for all multipole orders.
With the advent of the new generation of electron accelerators at JLab, MIT-Bates and BNL in USA, ELSA at Bonn and MAMI at Mainz in Germany, ESRF at Grenoble in France and SPring-8 at Osaka in Japan, renewed interest has been generated in incisive studies on photo-production of pseudo-scalar and vector mesons on nucleons [1] . Laser backscattering photon facilities at some of these centers produce linearly polarized or circularly polarized photon beam as well. Since η, ω and φ are isoscalars in contrast to π and ρ which are isovectors, photo-production of the former involve only N * resonances in the intermediate state, in contrast to photo-production of the latter which also involve contributions from ∆ resonances. While low lying N * levels observed in πN scattering are reasonably well accounted for by most of the theoretical models, they make different predictions on the number and ordering of levels of high excitations. Also, the predicted highly excited states are not seen in πN scattering. This gives rise to the so called missing resonance problem and raises possibilities that they may be observed in the electromagnetic production of heavy mesons like ω and φ.
It is well known that the basic spin structure involves four independent photoproduction and six independent electro-production amplitudes [2] in case of π and η, whereas photo-production of ρ, ω and φ involve twelve independent amplitudes [3] . There has been no discussion, to our knowledge, on electro-production of vector mesons, or photo and electro-production of tensor mesons, the threshold for which may be expected to be reached in the near future.
The purpose of this letter is to present a model independent theoretical approach to photo and electro-production of pseudo-scalar, vector and tensor mesons in a unified way using irreducible tensor techniques which lead to explicit partial wave multipole expansions for the individual amplitudes in a direct and elegant way.
Let us consider, in general, the photo-production of a meson with isospin I s and spin-parity s π . The photon momentum k = kk in the c.m. frame may conveniently be chosen to be along the z-axis with the meson momentum q =in the z − x plane making an angle θ with respect to k. The y-axis of the right handed frame is then along k × q as in the Madison convention [4] . Let the differential cross-section for the reaction be given by
where p = ±1, denotes the left and right circular polarization states of the incident photon as defined by Rose [5] and
denote the initial and final states for the reaction. The magnetic quantum numbers m i , m f are associated with the nucleon spins in the initial and final states and m s with the spin s of the meson. Like wise ν i , ν f , ν s denote the isospin projections. We may readily express |q in terms of partial waves with orbital angular momentum l and |k, p in terms of the electric and magnetic 2 L -pole states [5] . In the case of electro-production, we have to consider in addition p = 0, and |k, p = 0 is expressed in terms of the longitudinal 2 L -pole states, which are orthogonal to the magnetic and electric 2 L -pole states. Following [6, 7] , we may express the hadron spin dependence of F (p) in the elegant irreducible tensorial form
where
) denotes the unit 2 × 2 matrix, and
in terms of the Pauli spin matrices σ of the nucleon, while S s µ (s, 0), µ = s, . . . , −s denote rectangular (2s + 1) × 1 matrices leading to the meson spin states |sm s . The irreducible tensor amplitudes F Λ µ (λ, p) of rank Λ with µ = Λ, . . . , −Λ are then given by
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in terms of the partial wave multipole amplitudes,
)J , leading to the production of a meson with orbital angular momentum l, while s f , I denote the channel spin, isospin in the final state and J denotes the total angular momentum which is conserved in the reaction. Charge conservation implies that ν = ν i . Taking parity conservation into account, we may explicit
in terms of the electric, magnetic and longitudinal multipole amplitudes E
are such that if one of them is zero, the other is 1 and vice-versa. The dependence of F (p) on the c. m. energy is taken care of by F I,J ls f ;L (E) while the dependence on the meson production angle θ in c.m. is taken care of by
which are independent of the final channel spin s f and also of the quantum numbers I, J characterizing the individual resonances that may contribute to the reaction in the intermediate state. (5) is of the form of a sum over I, J. The individual terms in the sum determine the relative importance of the relevant resonance contributions.
It is also interesting to note the important symmetry property
which implies that the number of independent amplitudes for pseudo-scalar (s π = 0 − ) meson photo-production is only four.
The four independent irreducible tensor amplitudes are −1) ; a conclusion consistent with [2] . For electro-production of pseudo-scalar mesons, we have in addition, two more independent amplitudes viz. 1, 0) with p = 0, thus taking the total to six, a conclusion consistent with [2] . The spin structure is identical in the case of π as well as η photo-production, the difference being only that of the isospin being I s = 0, 1 respectively for η and π.
In the case of photproduction of vector mesons (s π = 1 − ), the independent amplitudes in our formalism are
, which total twelve. This number is consistent with [3] where electro-production has however not been considered. For electro-production of vector mesons with π = −1 we have, in addition, six other independent amplitudes viz., (1, 0) , taking the total to eighteen. Clearly, the above considerations are applicable to photo and electro production of ρ, ω and φ which differ only in their isospin quantum number, which is I s = 1 for ρ and I s = 0 for ω and φ. These considerations are expected to be useful in the context of experimental studies on ρ, ω and φ production [8] .
It may also be pointed out that the general formalism outlined above (for any spin s and parity π = ±1), may also be applied to tensor meson (s π = 2 + ) production, for which, however, not much attention seems to have been given. In this case, the independent irreducible tensor amplitudes for photo-production are 20 in number viz., −1) , while the additional independent irreducible tensor amplitudes for electro-production are ten in number viz., F Irrespective of whether the number of independent amplitudes is large or small, the advantage we have in the unified approach presented here is that the partial wave multipole expansion for any one of these amplitudes is readily provided by a common formula viz., equation (5), where p is limited to values ±1 for photo-production, whereas p = 0 is also allowed in the case of electro-production. The unpolarized differential cross-section is readily given by
in terms of the irreducible tensor amplitudes, for which the partial wave multipole expansions are given by the elegant equation (5). We hope the above formalism, in view of its simplicity and generality, facilitates analysis of existing [8] and forthcoming data on photo and electro-production of heavy mesons. Spin observables will be presented in a forthcoming paper using our formalism.
